The Luginin thermochemical laboratory of the Moscow state university V i c t o r P . Kolesov Chemistry Department, Moscow S t a t e U n i v e r s i t y , Moscow 119599, USSR A b s t r a c t -The a r t i c l e h a s been d e d i c a t e d t o c e n t e n a r y of t h e thermochemical l a b o r a t o r y of t h e Moscow S t a t e U n i v e r s i t y .
INTRODUCTION
The thermochemical l a b o r a t o r y was founded by V . F . Luginin i n 1 8 9 1 a f t e r h i s r e t u r n t o R u s s i a from a b r o a d .
Haviiig c o l l e c t e d comprehensive p r e c is i o n d e v i c e s , Luginin c r e a t e d t h e unique p o s s i b i l i t i e s f o r s t u d y of thfrmochemical p r o p e r t i e s . The l i s t of t h e Luginin p a p e r s ( r e f . 1 ) shows t h s t t h e d i v e r s e thermochemical q u a n t i t i e s have been measured i n t h e l a b o r a t o r y : h e a t s of s o l u t i o n and v a p o r i z a t i o n , r e a c t i o n h e a t s , h e a t c a p a c i t y e t c . A t t h a t time t h e maia a t t e n t i o n was f o c u s s e d on a d e t e r m in a t i o n of h e a t s of combustion i n oxygen. ?he l a b o r a t o r y e x p e r i e n c e was summarized by Luginin i n t h e book "Cesc r i p t i o n of Various Methods of D e t e r m i n a t i o n of Combustion Heats of
Organic Compounds" which b e f o r e l o n g , was p u b l i s h e d a l s o i n German ( r e f .
2 ) . That book was an e x c e l l e n t . g u i d e on e x p e r i m e n t a l p r o c e d u r e s used i n thermochemistry. The t a b l e s a v a i i a b l e i n t h e book r e p r e s e n t t h e h e a t s of combustion and f o r m a t i o n of many o r g a n i c compounds.
The r e s u l t s o b t a i n e d i n t h e l a b o r a t o r y made i t p o s s i b l e t o e s t a b l i s h some s i m p l e s t thermochemical r e l a t i o n s h i p s . 50, i n t h e s h o r t c o u r s e on
thermochemistry, L u g i n i n wrote about a c o n s t a n c y of -C!H.,-increment i r , t h e h e a t s of combustion of a l k a n s , a l k e n e s , I -a l c o h o l s , alkyl h a l i d e s , e t c . The i n c r e m e n t s f o r s u b s t i t u t i o n of hydrogen w i t h bromine, i o d i n e , lcarbonyl-and amino-groups were a l s o d e t e r m i n e d ( r e f . 3 ) .
The f i r s t L u g i n i n ' s a s s i s t a n t s -A.N. Shchukarev 
and P.V.Zubov c o n t i n u e d t h e thermochemical measurements i n t h e l a b o r a t o r y f o r a l o n g p e r i o d
( r e f . 4 ) . ZuSov a l o n e measured combustion h e a t s of more t h a n 1 2 C o r g a n i c compounds: h y d r o c a r b o n s , a l c o h o l s , k e t o n e s , e t h e r s , c y c l i c compounds, e t c . L F u r t h e r o n , a development of t h e t h e r m a l l a b o r a t o r y was c l o s e l y r e l a t e d t o t h e names of N . A . Umov, I . A . Kablukov and V . V . S v e n t o s l a v s k y . N . A . Umov was a t t h e head of t h e l a b o r a t o r y f o r 4 y e a r s up t o 1 9 1 5 . A f t e r t h e d e a t h of N . A . Umov, I . A . Kablukov became a head of t h e l a b o r a t o r y . H i s f i r s t thermochemical d e t e r m i n a t i o n s were c a r r i e d o u t t o g e t h e r w i t h Lugin i n : t h e y measured t h e h e a t of a d d i t i o n of bromine t o u n s a t u r a t e d o r g an i c compounds ( r e f . 5 ) . L a t e r on, he s t u d i e d h e a t c a p a c i t y of a l l o y s , measured combustion h e a t s of h a l o g e n o r g a n i c compounds. I . A . Kablukov wrote manual "Thermochemistry" and i t s two e d i t i o n s appeared i n 1931 and 1 9 3 4 ( r e f . 5 ) .
The a c t i v i t y of V . V . S v e n t o s l a v s k y i n t h e l a b o r a t o r y l a s t e d f o r 8 y e a r s ( i n 1 9 1 8 , V . V . S v e n t o s l a v s k y , P o l e i n n a t i o n a l i t y , was r e p a t r i a t e d t o 9 P o l a n d )
u n d s " . The r e s u l t s of t h e s e i n v e s t i g a t i o n s were p u b l i s h e d a s a book i n 1917 ( r e f . 6 ) .
I n 1914, S v e n t o s l a v s k y and Popov proposed a b e n z o i c a c i d a s a bomb c a l or i m e t r i c s t a n d a r d ( R e f . 7 ) . T h i s p r o p o s a l was o f f i c i a l l y made by V . V . S v e n t o s l a v s k y a t t h e 1st I n t e r n a t i o n a l Chemistry Conference ( I U P A C ) ( R e f . 8 ) and a c c e p t e d a t t h e 2nd I n t e r n a t i o n a l Conference ( I U P A C ) i n 1921 ( r e f . 9 ) . T h i s work became an i m p o r t a n t landmark i n development of t h e thermochemistry of o r g a n i c compounds. Although a t t h e p r e s e n t time no p r i n c i p a l problems a r i s e a t e l e c t r i c a l c a l i b r a t i o n of bomb c a l o r i m et e r s , t h e s t a n d a r d b e n z o i c a c i d i s used f o r c a l i b r a t i o n more o f t e n . Such a method h a s c e r t a i n advantages o v e r t h e e l e c t r i c a l o n e , due t o t h e f a c t t h a t c a l i b r a t i o n and sample r u n s a r e performed under s i m i l a r c o n d i t i o n s , and t h i s d e c r e a s e s a l e v e l of t h e unexcluded s y s t e m a t i c e r r o r . A s p h e r e of h i s s c i e n t i f i c i n t e r e s t s was e x t r e m e l y wide. Remaining w i t h i n t h e framework of c a l o r i m e t r y a s main experimenta.1 method, he accomplished v a r i o u s work i n t h e thermochemical l a b o r a t o r y . Popov d e t e rmined h e a t s of combustion i n oxygen and h e a t s of s o l u t i o n of many aubs t a n c e s , measured l a t e n t s t r a i n energy i n t h e a l l o y s , accomplished some work f o r t h e t h e r m o t e c h n i c a l i n s t i t u t e , Kashirskaya power s t a t i c j n and t h e o t h e r s . A s e r i e s of t h e P o p o v l s works was d e v o t e d t o s t u d y of t h e mixed c r y s t a l s . Popov and h i s c o l l a b o r a t o r s d e t e r m i n e d t h e h e a t c a p a c it i e s and h e a t s of f o r m a t i o n of many mixed c r y s t , a l s ( e . 9 . formed w i t h h a l i d e s of a l k a l i m e t a l s ) and a l s o a r a t e of t h e i r decomposition and c r y s t a l l i n e s t r u c t u r e ( r e f . 19,ll). 
M . M . Popov was a t a l e n t e d e x p e r i m e n t e r . He developed, t o g e t h e r w i t h T . K . S h i r o k i c h , t h e f i r s t moving-bcmb c a l o r i m e t e r i n which t h e a g i t a t i o n of t h e bomb c o n t e n t s was accomplished by r o c k i n g of t h e bomb ( r e f . 16). The c a l o r i m e t e r was employed f o r measurement of combustion h e a t s of c h l o r oand bromorganic compounds. Now t h e c a l o r i m e t e r s w i t h moving ( u s u a l l yr o t a t i n g ) bombs a r e w i d e l y used when i t i s n e c e s s a r y t.o a c c e l e r a t e t h e p r o c e s s e s i n t h e bomb ( e . g . r e a c t i o n s of r e d u c t i o n o r o x i d a t i o n ) .
M . M . Popov and h i s co-workers developed c a l o r i m e t e r s f o r measurement of h e a t c a p a c i t y a t h i g h ( r e f . 1 7 ) and low ( r e f . l 3 , 1 9 ) t e m p e r a t u r e s , c a l or i m e t e r s f o r d e t e r m i n a t i o n of h e a t s of s o l u t i o n ( r e f . ll), a n e r o i d c a l or i m e t e r and some o t h e r i n s t r u m e n t s . Popov's monograph "Thermometry and CalorimetryIf ( t w o e d i t i o n s ) ( r e f . 2 0 ) p l a y e d a s i g n i f i c a n t r o l e i n thermochemical e d u c a t i o n .
A v i v i d page i n t h e l a b o r a t o r y h i s t o r y was a p e r i o d when S.M. S k u r a t o v was a head of t h e l a b o r a t o r y (1956 t o 1 9 6 8 ) . The man of t i r e l e s s e n e r g y , t a l e n t e d o r g a n i z e r of t h e s c i e n t i f i c work he p u t a l o t of e f f o r t i n t o p r o v i d i n g t h e l a b o r a t o r y w i t h a new-type equipment.
?
b s o l e t e i n s t r u m e n t s , changing i n t e c h n i q u e . A f t e r p l a c i n g i n t h e new b u i l d i n g , a new p e r i o d s t a r t e d i n t h e l a b o r a t o r y l i f e . The t e n d e n c i e s formed i n t h e middle of t h e f i f t i s s developed undergoing t h e r e q u i r e d m o d i f i c a t i o n f u r t h e r o n , when G . L . Galchenko was r e s p o n s i b l e f o r t h e
Laboratory .
The main r e s u l t s o b t a i n e d i n t h e thermochemical l a b o r a t o r y d u r i n g t h a t p e r i o d i n b a s i c t o p i c s have been reviewed below.
THERMOCHEMISTRY OF INORGANIC C O M P O U N D S
The main purposs of t h e thermochemical s t u d y of inorgoanic compounds s t a r t e d . a t f i f t i e s was a p r e c i s e d e t e r m i n a t i o n of A f H most important compomds, s o c a l l e d "key" v a l u e s . ?he non-stcichiometr i c s o l i d p h a s e s , s o l u t i o n s and o t h e r o b l e c t s were a l s o s t u d i e d . During t h e z e i n v e s t i g a t i o n s t h e use was made of d i t f e r e n t c a l o r i m e t r i c methods: d e t e r m i n a t i c n of h e a t s of conbustion o f t h e s u b s t a n c e s i n oxygen i n t h e c a l o r i m e t r i c bomb. d e t e r m i n a t i o n of h e a t s of r e a c t i o n a t high temp2ratu-r e s W I t h p r e l i m i n a r y h e a t i n g of t h e s u b s t a n c e s , d e t e r m i n a t i o n of h e a t s of s o l u t i o n i n w a t e r and h e a t s of r e a c t i o n s w i t h a c i d s a l k a l i e s e t c . v a l u e s of t h e
The heats of reaction at high temperatures
The e n t h a l p y of formation of boron o x i d e has been determined by t h r e e independent methods ( r e f . 2 1 ) . For t h e s e measurements bomb c a l o r i m e t r y was 3 p p l i e d , t h e e s s e n t i a l f e a t u r e of experimenLs was pTeliminary h e a t zriy of boron i n t h e s p e c i a l m i c r o f u p a c e u p $ 0 4 0 0 t o 5 5 0 C a t o x i d a t i o n and c h l o r i n a t i o n and up t o 1 0 0 0 t c 1 3 0 0 C a t n i t r a t i o n . The most import a n t t a s k was a p r e c i s e measurement of energy i n t r o d u c i d w i t h e l e c t r i c h e a t g r ; f o r t h i s p u r p o s e , f o r measurements a t t e m p e r a t u r e s from 1 0 0 0 t o 1 3 0 0 C an i n t e g r a t i n g d e v i c e was developed which was c a l i b r a t e d c a l o r ii n e t r l c a l l y i r e f . 2 2 :~. L a t e r on, u s i n g t h e same method of h e a t i n g of r ea c t i o n components i n t h e bomb G . L . Galchenko with c o l l a b o r a t o r s d e t e rn i n e d t h e entlialpy of decomposition of decaborane, and b y t h e method of high-temperature c h l o r i n a t i o n , t h e e n t h a l p i e s of formation of boron iai-bi.de, boron phosplii.de, and a l s o of c h l o r i d e s of zirconium, hafnium, and t a n t a l u m .
I n t h e middle o t t h e s e v e n t i e s t h e instriiment was produced f o r i n t r oduct,ion of a s t a b l e e l e c t r i c power t o t h e h e a t e r ; t h e i n s t r u m e n t made i t p o s s i b l e t o i n c r e a s e c o n s i d e r a b l y t h e p r e c i s i o n of t h e energy measuremen% i r e f . 2 3 , 2 4 ) . For t h e l a s t y e a r s t h i s methcid was employed f o r det e r m i n a t i o n of e n t h a l p i e s of formation of 310, SnO?, NbCl,, FeC13, N i C 1 2 , VC12, Cocl,, V 2 0 5 e t c . 
Combustion of inorganic substances in oxygen
I n many c a s e s t h e d e t e r m i n a t i o n of e n t h a l p i e s of combustion an? f o r m a t ion of %he i n o r g a n i c compounds was accomplished u s i n g t h e t r a d i t i o n a l bomb c a l o r i m e t r y , without p r e l i m i n a r y h e a t i n g of t h e s u b s t a n c e s . Thus t h e thermochemical i n v e s t i g a t i o n of o x l d e and c a r b i d e phases of t r a n s it i c n m e t a l s : zirconium, hafnium, niobium and tantalum was completed. A s a p r e l i m i n a r y s t a g e of t h i s s t u d y t h e key v a l u e s -e n t h a l p i e s of format i o n of h i g h e r o x i d e s of zirconium, hafciiim ~ niobium and tantalum have been determined ( r e f . 2 5 ) .
The thermochemistry of solutions
The measurements of t h e h e a t s of s o l u t i o n and h e a t s cf r e a c t i o n were r esumed i n t h e l a b o r a t o r y i n t h e end oof f i f t i e s i n o r d e r t o use t h e s e d a t a f o r t h e d e t e r m i n a t i o n of t h e key A f~ times g a s e o u s ) i n o r g a n i c compounds. Afterwards t h e s e measurements progv a l u e s of c r y s t a l l i n e ( a n d some- 
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Heats of combustion of hydrocarbons and related compounds
The measurements of combustion heats were resumed in the laborstory in the fifties. At that time S.M. Skuratov designee', a new self-sealing stainless steel calorimetric bomb; a new model of high-sensitive merTury thermometer was also developed (ref. 3 3 , 3 4 ) . The new equipment inacie it pcssible to increase sufficiently the precision of the measiirement and to study very small energetic effacts. Later on, t h i s technique was modified, e.g. the resistance thsrmmeters and recording potentiometers were used.
In the middle of the fifties the energy of combustion of lactams, aliphatic aminoacids, cyclic formals, branched alkanes has been det.ermined. Afterwards, priority was given to the investigation of cyclic compomds. M.P. Kozina et a1 determined the standard eiithalpies of combustioii and formation of ca. 100 cyclic compoucds; this amount included. monocyclic hydrocarbons and their derivatives, bycyclic and polycyclic hydrocarbons, aromatic compoundsd oxygen-o and nitrogen-containirig cycles etc. The determination of A H and h H values of qreat number of organic compounds has been described in (ref. 3 
) .
C f
Polymerization reactions
To study reactions of polymerization, S.M. skuratov et al.designed in 1950 a double calorimeter which made it possible to study a l s o a klnetics of reaction (ref. 36 ). The polymerization of lactams was thoroughly studied by this method. It was shown, for example, t.hat enthalpy of this reaction increases from a-pyrrolidone to q-capryllactam and then decreases gradually to w-lauriclactam (ref. Since 1974, an investigation of thermodynamics and kinetics of synthesis of thermostable polymers was started. E.g. the reactions of polycyclotrimerization of cyanic ethers, copolymerization of cyanic and isocyanic ethers with carborane-containing epoxy oligomers and others were studied (ref. 38, 39) .
Halogenorganic compounds
Two methods of thermochemical study were used in the end of fifties: measurement of the enthalpy of reaction of gaseous compounds with alkali . 4 1 , 4 2 ) . L a t e r o n , t h e bomb combustion i n oxygen became t h e major method u s e d i n t h e l a b o r a t or y . T h i s method was s u c c e s s f u l l y employed f o r i n v e s t i g a t i o n of such compounds a s gaseous and v o l a t i l e f r e o n s ( e . g . C F 2 C 1 C F 2 C 1 , CF2C1CFC12),subs t a n c e s c o n t a i n i n g f l u o r i n e , c h l o r i n e and bromine ( C F , C H C l B r , C F , B r C F C l ) p e r f l u o r i n a t e d compounds, e t c . ( r e f . 4 3 ) . A method of combustion of liq u e f i e d g a s e s i n t h e c a l o r i m e t r i c bomb h a s been proposed t h a t p r o v i d e d c l e a n and complete combustion of t h e s u b s t a n c e s which do n o t burn compl e t e l y i n t h e gaseous s t a t e ( r e f . 4 4 ) .
J -
Boronorganic compounds
The s y s t e m a t i c d e t e r m i n a t i o n s of e n t h a l p i e s of combustion of boronorgan i c compounds were s t a r t e d by G . L . Galchenko e t a l . i n t h e s i x t i e s and c o n t i n u e d u n t i l t h e l a s t y e a r s . The e n t h a l p i e s of combustion of b o r o n a lk y l s , oxygen-and n i t r o g e n -c o n t a i n i n g compounds, anc! o t h e r s have been measured. An e s s e n t i a l p a r t of t h i s s t u d y was a d e t e r m i n a t i o n of e n t h a lp i e s of combustion and f o r m a t i o n of c a r b o r a n e s and t h e i r d e r i v a t i v e s . The e n t h a l p i e s of combustion of b o r o n o r g a n i c compounds were d e t e r m i n e d i n t h e s t a t i c bomb c a l o r i m e t e r s . I t i s i m p o r t a n t t o mention t h a t a f t e r combustion of b o r o n o r g a n i c compounds a s o o t y r e s i d u e c o n t a i n i n g I.lilbl1rned
boron i s o f t , e n r e v e a l e d . T h e r e f o r e , e s p e c i a l a t t e n t i o n was g i v e n t c ana- 
Enzymatic reactions
I n 1976, G . L . Galchenko and M . V . Rekharsky s t a r t e d a thermochemicai i nv e s t i g a t i o n of enzymatic r e a c t i o n s . The red-or:, h y d r o l y t i c , and ,~t l i e r r e a c t i o n s p r o c e e d i n g under a c t i o n of enzymes have been s t u d i e d . For e n t h a l p y measurements LKB-2107 and L K E -2 2 7 7 m i c r c c a l o r i m e t e r s were u s e d .
An i m p o r t a n t v a l u e i n t h e thermochemistry of enzymatio red-ox r e a c t i o n s 
Thermodynamics of vaporization
I n 1 9 7 0 R . M . Varushchenko e t a l . developed an o r i g i n a l e b u l i i o m e t e r f o r a d e t e r m i n a t i o n of a s a t u r a t e d vapor p r e s s u r e ( r e f . 4 9 ) . In 1 9 7 7 , a p r ec i s e c a l o r i m e t e r was produced f o r d e t e r m i n a t i o n of e n t h a l p i e s of v a p o r iz a t i o n of o r g a n i c s u b s t a n c e s ( r e f , 5 0 ) . Using t h e s e a p p a r a t u s e s Vari.lshchenko e t a l . s t u d . i e d a dependence of t h e s a t u r a t e d vapor p r e s s u r e on a t e m p e r a t u r e w i t h i n a r a n g e from 2 t o 1 0 2 kPa f o r c a . 9 0 o r g a n i c s u b s t a nc e s , and measured t h e e n t h a l p i e s of v a p o r i z a t i o n of aoine o r g a n i c subs t a n c e s by c a
HEAT CAPACITY DETERMINATION
High-temperature heat capacity I n t h e l a t e f o u r t i e s , M . M . Popov and G . L . Galchenko c o n s t r u c t e d a c a l or i m e t e r f o r h e a t o c a p a c i t y measurement of powdery s u b s t a n c e s o v e r t h e range 1 0 0 t o 7 0 0 C ( r e f . 1 7 ) . I n t h i s c a l o r i m e t e r , a method of c o n t i n uous i n t r o d u c t i o n of e n e r g y ( s c a n n i n g method, s h o r t l y b e f o r e proposed by Sykes f o r m e t a l s a m p l e s ) was r e a l i z e d . T h i s method was s u c c e s s f u l l y employed f o r h e a t c a p a c i t y measurement of s u b s t a n c e s w i t h a low h e a t c o n d u c t i v i t y : s e v e r a l s a l t s ( r e f . 1 7 ) and a l s o o x i d e s and h a l o g e n i d e s of uranium ( r e f . 1 4 , 5 2 ) . A t t h e same t i m e S . M . Skuratov and S . A . Lapushk i n c o n s t r u c t e d a copper-block d r o g cailorimeter w i t h i s o t h e r m a l j a c k e t f o r e n t h a l p y measurement up t o 9 0 0 c ( r e f . 5 3 ) .
Low-temperature heat capacity
In the early fifties, the heat capacity measurements at low temperatures were resumed, firstly over the range 60 to 300 K (ref. 19) . Some years later, the calorimeters were produced which allowed to start the measurements of heat capacity at hydrogen (ca. 12 K) or helium temperatures (ref. 54/55).
The obtained enthropy values together with the reaction enthalpies were employed for calculation of the Gibbs energy. So, in the early sixties, the heat capacities of unsubstituted lactams and some polymers were measured and lactam's ability for polymerization reaction was studied (ref. 
CONCLUSION
It is evident from the brief survey given above that the scientific activity in the laboratory was usually based on the precise calorimetric measurements. Therefore, a special attention was given to the technique and procedure of experiments. This was reflected in the numerous publications, a part of which has been cited above and also in the Popov Being a part of chemistry department, the laboratory was deeply engaged in thermochemical education from the very beginning. A systematic education of students was started by V.F. Luginin. Later on, up to the present, a special course of thermochemistry was given for students and post-graduates of the chemistry department. The basis for teaching was formed with the monographs mentioned above (ref. 647-651 ( 1 9 6 2 ) .
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